ABSTRACr The prevalence of lead induced subjective symptoms was evaluated by a standardised questionnaire in a group of 96 workers employed between nine and 45 years in a secondary lead smelting works. A control group of 96 non-lead exposed subjects, matched for age and sex, were chosen from the Glostrup population study. Blood lead concentrations were in excess of 60 ,ug/100 ml in about 30% of the lead workers. Zinc protoporphyrin levels were found to be higher than 500 ,umollHb in nearly 18% of the lead workers. The prevalence of fatigue, headache, sleep disturbance, and digestive symptoms (constipation and colic) were not higher in the lead exposed group. The body weight showed no significant difference in the two groups. Nervousness was four times more frequent in the control group. The results indicate that subjective symptoms are useless as indicators of incipient lead poisoning.
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In textbooks of occupational medicine the early symptoms of lead poisoning are described as headache, tiredness, nervousness, increasing sleeplessness, loss of appetite, loss of weight, abdominal colic, and constipation.13 In 1977 Lilis et al studied 158 workers from two secondary smelting works and found a high prevalence of such symptoms4; in another study Irving et al also found a high prevalence of subjective symptoms among 139 lead exposed workers.5 The present study was At the time of the study 265 employees were directly concerned in lead production or working in positions exposed to lead. Among these 265 employees, 110 had been employed in the firm for at least nine years. Ninety-two men and four women were included in the study, giving a response rate of 88*9%. Of the non-responders, two had moved abroad and 12 refused to participate for various reasons, to the best of our knowledge unrelated to their state of health.
Representatives of both the employers and employees informed us that none of the participants in the study has left the factory because of lead poisoning. According to the company few workers who have been employed for more than one year leave the job. Selection of workers for a job usually takes place within a few months of employment and the reasons for leaving are said to be non-medical. Unfortunately it has not been possible to achieve exact figures for job leaving during the nine years.
PROCEDURE
Examinations were performed in the clinic of prospective medicine, Glostrup University Hospital, and included both a general clinical health examination and a neurological examination. The health study was made in exactly the same way as a population health service study carried out one year before in the section of prospective medicine. This former population study, called the intervention investigation study (IIS), included about 1000 occupants of Glostrup aged between 30 and 60. 7 The participants received a comprehensive questionnaire including questions on subjective symptoms, own health appraisal, alcohol and tobacco consumption, social relations, sick leave, and previous use of primary and secondary health services. All participants came to the clinic after fasting overnight and were told not to smoke before the examination. After measurement of height and weight, venous blood samples were taken to determine haemoglobin, haematocrit, reticulocytes, serum alanine-aminotransferase, alkaline phosphatase, serum creatinine, blood glucose, serum cholesterol and serum triglycerides, and high density lipoprotein cholesterol. Methods of analysis have been reported elsewhere.7 Blood lead concentration was determined by atomic absorption spectrophotometry8; erythrocyte zinc protoporphyrin was measured with a haematofluorimeter.9
A resting electrocardiogram, using 12 standard leads was taken, and ankle blood pressure was measured with an ultrasound device.'0 All the ECGs were later read according to the Minnesota code by specially trained personnel." Blood pressure measurements, with the subject in the supine position and using a Hawksley Random sphygmomanometer, were taken by one nurse."
The questionnaire which had been completed beforehand was checked by one of us and a new casual blood pressure measurement was taken; a peak flow measurement was taken with a Wright McKerro peak flow meter and a standardised physical examination was performed. After this, all the subjects had a neurological examination, the methods of which have been reported elsewhere.6 All examinations took place between 0800 and 1100.
CONTROL GROUP For comparison with the lead smelting workers a control group of 92 men and four women was selected from the study population (IIS referred to above). The following criteria were used for selection: (1) similar age, (2) no industrial exposure to lead, and (3) same employment status as the studied group.
It was possible to fulfil the first two criteria in all subjects but 21 controls had a slightly higher employment status than the lead workers. Table 2 shows the number of lead workers with different blood lead and zinc protoporphyrin concentrations. Almost 30% of the lead workers had blood lead concentrations above 60 ,ug/100 ml which, in Denmark, is now the officially accepted upper limit for industrially exposed subjects. The corresponding biological threshold limit value for ZPP is 500 ,umol haemoglobin; 18% of the lead workers had values above this level.
SUBJECTIVE SYMPTOMS Headache
In table 3 it can be seen that the occurrence of headache was similar in the lead workers and the controls.
Tiredness
Of the 93 lead workers, 22 (23.7%) gave a positive answer to a question on being often tired. In the control group 28 out of 95 (29.5%) gave the same answer. This difference is insignificant. Table 4 shows the blood lead and zinc protoporphyrin concentrations in fatigued and non-fatigued lead workers; no differences can be found. Neither were there any differences in the sleeping pattern among the groups.
Nenrousness Table 5 shows answers to the question on subjective feeling of nervous strain. The lead workers seemed to be less nervous than the controls (p < 0.05).
Weight loss
The participants' own information on body weight at 20 and 30 years of age showed no difference between the controls and the lead workers. By measurement, the average weight of lead workers was found to be 78.6 kg as against 76-0 in the controls (p > 0-05).
SUBJECTIVE HEALTH EVALUATION
The participants' health evaluation was similar in the two groups. About 9% considered their health to be extremely good, 70% good, 20% less good, and 1 % poor. No differences were found in the two groups' information on absenteeism due to sickness, hospital admissions, number of operations, use of medicine, visits to casualty departments, specialist examinations, visits to dentists, and x ray examinations.
Abdominal discomfort A medical history of colic was positive in 17 of the 95 lead workers (17.9%) and in 10 of the 94 controls (10-6%). This difference was not statistically significant. The main result of the present study of subjective lead induced symptoms is that only minor differences between lead smelting workers and an appropriate control group were found. This is in contrast with earlier studies by other authors.'5 In some previous studies a higher prevalence of subjective symptoms has been observed with increased exposure to lead.' Lead exposure in the studies cited, however, has been higher than in the workers studied in this study. Thus Lilis and co-workers found that 78% of the workers they studied had blood lead concentrations above 60 ,ug/100 ml.4 In our study only 30% of the employees had blood lead concentrations above this level. In only one previous study of subjective symptoms in lead workers has an appropriate control group been used.' The symptoms usually related to lead poisoning are rather vague and may be less specific than hitherto assumed. The symptoms related to lead exposure described in textbooks of occupational medicine and in some previous works have usually been described in patients with severe lead poisoning. Our results indicate that subjective symptoms are useless as indicators of incipient lead poisoning.
One possible bias in our study is that the lead smelting workers may have minimised their subjective symptoms. The workers had a positive attitude to the work and the company, which could be a reason to minimise symptoms. Despite this possible bias, we find it reasonable to conclude that blood lead and blood zinc protoporphyrin concentrations five times higher than that of the normal population are not associated with an increased prevalence of the subjective symptoms usually related to lead exposure. 
